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ABSTRACT 

A f t e r  no t ing  t h e  high l e v e l s  of background c u r r e n t  i n  

t h e  Main Body Airglow Photometer on OGO-11, a Polar 

O r b i t i n g  Geophysical Observatory, a series of laboratory 

tests were made t o  i n d i c a t e  the sources  of i n t e r f e r e n c e  

and methods of prevention. T e s t s  w i t h  2.6 MdV e l e c t r o n s  

confirmed t h a t  such e l e c t r o n s  i n  space could account f o r  

the  observed s i g n a l s .  O t h e r  tests were made which (1) 

showed t h a t  t h e  most s e n s i t i v e  por t ion  of t h e  photometer 

w a s  t h e  cathode-window combination i n  t h e  photomul t ip l ie r  , 
(2) i n d i c a t e d  the  e f f e c t i v e n e s s  of var ious  methods of 

s h i e l d i n g ,  and (3) s t u d i e d  t h e  presence and decay t i m e  of 

radiat ion-induced phosphorescence. Further  labora tory  

tests confirmed t h a t  a similar OPEP photometer on t h e  same 

sa te l l i t e ,  w i t h  a d i f f e r e n t  photomul t ip l ie r ,  a more l i m i t e d  

spectral range, and greater sh ie ld ing ,was  r e l a t i v e l y  

i n s e n s i t i v e  t o  t h e  same environment. 

v i i  



INTRODUCTION 

Two photometers  f o r  t h e  purpose of moni tor ing  t h e  

e a r t h ' s  a i r g l o w  i n  several  d i f f e r e n t  s p e c t r a l  r e g i o n s  were 

p l a c e d  i n  o r b i t  October  14, 1965 on t h e  second O r b i t i n g  

Geophys ica l  Obse rva to ry ,  OGO-11. The o r b i t  was n e a r l y  p o l a r  

(87,4O i n c l i n a t i o n )  w i t h  apogee n e a r  1500 k m  and p e r i g e e  

n e a r  400 k m .  One i n s t r u m e n t ,  t h e  Main Body photometer ,  

measured t h e  a i r g l o w  below t h e  s p a c e c r a f t  th rough s i x  

d i f f e r e n t  o p t i c a l  f i l t e r s  and above th rough  one f i l t e r .  The 

second  i n s t r u m e n t ,  t h e  OPEP photometer ,  scanned  t h e  a i r g l o w  

h o r i z o n  a t  6300 A .  

I t  was soon noted  t h a t  there was a l a r g e  v a r i a b l e  back- 

ground (dark  c u r r e n t )  i n  t h e  Main Body photometer  d a t a .  The 

e f f e c t  w a s  l a r g e s t  a t  low l a t i t u d e s  when a t  a l t i t u d e s  n e a r  

1500 k m ,  w i t h  a d d i t i o n a l  r e l a t i v e l y  narrow maxima between 

50° and  60° geomagnetic l a t i t u d e .  These  cor responded t o  

t h e  lower p a r t  of t h e  i n n e r  zone of t r a p p e d  r a d i a t i o n  and 

t h e  l o w  a l t i t u d e  p o r t i o n s  of  t h e  o u t e r  zone r e s p e c t i v e l y .  

A t  t h e  same l o c a t i o n s ,  t h e  background c u r r e n t  i n  t h e  OPEP 

photometer  d a t a  a l s o  i n c r e a s e d ,  b u t  t h e  e f f e c t  w a s  about  

f i v e  o r d e r s  of magnitude less t h a n  i n  t h e  Main Body d a t a .  

I t  is t h e  purpose of t h i s  report  t o  summarize t h e  

l a b o r a t o r y  data t h a t  was accumulated t h a t  had some b e a r i n g  

on t h i s  problem. Both t h e  t e s t s  made p r i o r  t o  f l i g h t  and 

t h e  s p e c i a l  t es t s  made t o  i d e n t i f y  t h e  problems on OW-I1 
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are d e s c r i b e d .  A thorough d i s c u s s i o n  and e x p l a n a t i o n  of 

t h e  observed e f f e c t s  i n  bo th  f l i g h t  and l a b o r a t o r y  d a t a  

is t o  be t h e  s u b j e c t  of a l a t e r  r e p o r t .  
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OBSERVED EFFECTS OF TRAPPED RADIATION 

The Main Body photometer was l o c a t e d  such  t h a t  it 

looked  through openings  on both t h e  skyward and t h e  e a r t h -  

ward s i d e  of t h e  s p a c e c r a f t ,  as  shown i n  F i g u r e  1. The 

photometer  used  a s i n g l e  p h o t o m u l t i p l i e r  w i t h  a n  a r r a n g e -  

ment of  m i r r o r s  and f i l t e r s  such t h a t  v a r i o u s  wavelength 

r e g i o n s  between 2500 and 6400 A w e r e  observed  s u c c e s s i v e l y .  

The p h o t o m u l t i p l i e r  is a n  EMR Type 541E-O5M, a one-inch 

d i ame te r  end-on t u b e  w i t h  a t r i - a l k a l i  ca thode  on a 

s a p p h i r e  window. The m u l t i p l i e r  was of t h e  v e n e t i a n  b l i n d  

t y p e  w i t h  si lver-magnesium dynodes, I t  was s e a l e d  i n  a 

f i b e r g l a s s  c y l i n d e r  w i t h  s i l i c o n e  r u b b e r ,  and mounted i n  a 

magnesium hous ing  i n  t h e  photometer.  The i n t e r n a l  a r r a n g e -  

ment o f  t h e  photometer is shown i n  F i g u r e  2.  The e x t e r n a l  

windows were Corning 7940 (UV g r a d e )  and  t h e  l e n s e s  w e r e  of 

S u p r a s i l  ( q u a r t z ) .  Between t h e  o b j e c t i v e  l e n s  and t h e  

ex te rna l -window of b o t h  t h e  e a r t h  (+Z) and a n t i - e a r t h  (-Z) 

d i r e c t i o n s  w a s  a s h u t t e r  of t h e  l e a f  t y p e .  The mirrors  

were b e r y l l i u m  w i t h  a f r o n t  s u r f a c e  c o a t i n g  of aluminum 

o v e r  Kanigen. The f i l t e r s  were of t h e  i n t e r f e r e n c e  t y p e  

w i t h  a p p r o p r i a t e  b lock ing  g l a s s e s .  

T y p i c a l  s h i e l d i n g  t o  t h e  p h o t o m u l t i p l i e r  t h a t  w a s  

p rov ided  by t h e  s p a c e c r a f t  i s  i n d i c a t e d  i n  F i g u r e  3, which 

shows t h e  amount of  m a t e r i a l  between t h e  p h o t o m u l t i p l i e r  
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THICKNESS - INCHES 

F i g .  3 - The m a t e r i a l  i n  t h e  X-Y p l a n e  o f  t h e  s p a c e c r a f t  
between t h e  p h o t o m u l t i p l i e r s  and s p a c e .  Most o f  t h e  m a t e r i a l  
is aluminum, and t h e  dimensions shown i n c l u d e  t h e  .040" t h i c k  
magnesium hous ing  around t h e  p h o t o m u l t i p l i e r ,  
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and o u t e r  space  i n  t h e  X-Y p lane  of  t h e  s p a c e c r a f t .  I n  

o t h e r  p l a n e s ,  t h e  s h i e l d i n g  is  g r e a t e r  t h a n  t h e  minimum 

t h i c k n e s s  i n  thex -y  p l a n e .  

The Main Body photometer was o p e r a t e d  w i t h  a h igh  

v o l t a g e  power supp ly  s e t  a t  2900 v , r e s u l t i n g  i n  a 

m u l t i p l i e r  g a i n  of 2 .7  x 10 . The anode c u r r e n t  was s e n s e d  

w i t h  dc e l e c t r o m e t e r  c i r c u i t r y  and conve r t ed  t o  a p p r o p r i a t e  

l e v e l s  f o r  t e l e m e t r y .  The des ign  i n c l u d e d  a feedback loop  

s o  t h a t  when t h e  anode c u r r e n t  r o s e  above 4 x amp, a 

s i g n a l  w a s  g e n e r a t e d  w h i c h  decreased  t h e  v o l t a g e  o u t p u t  of 

t h e  h i g h  v o l t a g e  power s u p p l y ,  r educ ing  the  g a i n  of t h e  

m u l t i p l i e r ,  and l i m i t i n g  t h e  anode c u r r e n t  t o  about  5 x lom7 
amp. A block  diagram of t h e  photometer is shown i n  F i g u r e  4 .  

6 

I n  o r b i t ,  t h e  background c u r r e n t ,  t h a t  is,  t h e  c u r r e n t  

when t h e  s h u t t e r s  were c l o s e d ,  ranged  from a minimum of 

5 x 10  -I6 amp from t h e  photocathode t o  o c c a s i o n a l l y  more 

t h a n  t h e  f u l l  scale  v a l u e  o f  3 . 3  x lo-’ amp. N o t  i n f r e -  

q u e n t l y ,  t h i s  w a s  o r d e r s  of magnitude more t h a n  t h e  c u r r e n t  

from t h e  l i g h t  w e  were a t t empt ing  t o  measure. T h i s  e x t r a n e o u s  

c u r r e n t  w a s  no t  a s imple  i n c r e a s e  i n  dark c u r r e n t  l e v e l ,  b u t  

c o n s i s t e d  of a m u l t i t u d e  of p u l s e s  and t ended  t o  p e r s i s t  

a f t e r  t h e  r a d i a t i o n  l e v e l s  had decreased .  

I t  was no ted  t h a t  t h e  ou tpu t  of t h e  h igh  v o l t a g e  power 

s u p p l y  i n c r e a s e d  w i t h  t i m e  f o r  b o t h  t he  Main Body and OPEP 

photometers .  I t  w a s  concluded t h a t  t h i s  w a s  due t o  r a d i a t i o n  
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F i g .  5 - A c u t - a w a y  v i e w  of t h e  OPEP p h o t o m e t e r  w i t h  s h a d i n g  
added  t o  i n d i c a t e  t h e  l i g h t  p a t h ,  
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damage t o  a t r a n s i s t o r  r e s u l t i n g  i n  a change of  b e t a  i n  

t h e  a m p l i f i e r  c o n t r o l l i n g  t h e  power s u p p l y .  

The o n l y  other  effect  of r a d i a t i o n  n o t i c e d  on t h e  

Main Body Photometer  w a s  i n  t h e  c i r c u i t r y  for  c o n t r o l  of  

t h e  s h u t t e r s .  Apparent ly  t h e  background c u r r e n t  i n  a 

photodiode (Texas Ins t rumen t  Type 2175) i n c r e a s e d  

a p p r e c i a b l y ,  s o  t h a t  o c c a s i o n a l l y  t h e  c i r c u i t  would close 

t h e  s h u t t e r s ,  even  though e x t e r n a l  l i g h t  l e v e l s  w e r e  w e l l  

w i t h i n  t h e  r ange  of t h e  p h o t o m u l t i p l i e r .  

The OPEP photometer  (see F i g u r e s  5 and 6 )  w a s  for t h e  

purpose of measuring t h e  a l t i t u d e  d i s t r i b u t i o n  of t h e  red 

a tomic  oxygen a i r g l o w  a t  6300 A .  T h i s  i n s t r u m e n t  w a s  

l o c a t e d  i n  t h e  O r b i t a l  P l a n e  Experiment Package (OPEP) and 

scanned a c r o s s  t h e  ear th 's  ho r i zon .  (See F i g u r e  1.) 

I n  o r b i t ,  u n l i k e  t h e  Main Body photometer ,  t h e  p re sence  

of  e n e r g e t i c  p a r t i c l e s  r e s u l t e d  i n  a c u r r e n t  of no more t h a n  

6 x 10 -I5 amp i n  terms of photoca thode  c u r r e n t  from t h e  OPEP 

photometer .  T h i s  w a s  p robably  due t o  one or a combina t ion  

of  s e v e r a l  t h i n g s :  ( a )  t h e  u s e  of a s i d e  window photo- 

m u l t i p l i e r  (EMR Type 641E) i n  which t h e  o p t i c a l  c o u p l i n g  

be tween t h e  window and t h e  cathode is i n e f f i c i e n t ,  t h e  

ca thode  be ing  behind  b u t  n o t  on t h e  window, (b)  window 

m a t e r i a l  of a g l a s s  (CS-7056) which absorbs i n  t h e  u l t r a -  

v i o l e t  r e g i o n  where Cerenkov r a d i a t i o n  is a maximum, ( c )  



J 
4 z 
In 

v) 
3 

W 
V z 
4 z 

m 
e 

> v  = z  n 
a 0 Y ? i  

(u 

f 
- (us 

n a 

(3 
w 

a 
!? 

LJ  

n 
Q) 

c 9 ( 3 ( 3 ( 3  (3 

4 4 4 4  4 z z z z  z 
s s s s  s 
a a u u  a 

a 
W 
I- 

%! 
E 
I 

Q 
W 
Q 
0 

n 



- 12- 

dynodes of CuBe i n s t e a d  o f  AgMg, and (d)  s h i e l d i n g  of t h e  

photocathode w i t h  .12 t o  .20 i n c h e s  o f  aluminum o v e r  .08 

i n c h  of t u n g s t e n ,  i n  a d d i t i o n  t o  s h i e l d i n g  p rov ided  by 

t h e  remainder of  t h e  photometer  and OPEP package. 

A f t e r  a look a t  t h e  d a t a  o b t a i n e d  d u r i n g  t h e  f i r s t  

t e n  days i n  o r b i t ,  it w a s  obvious  t h a t  f o r  OGO-D, s t e p s  

should  be t a k e n  t o  reduce  t h e  r e sponse  of t h e  Main Body 

photometer t o  e n e r g e t i c  p a r t i c l e s .  Labora tory  expe r imen t s  

desc r ibed  i n  t h i s  r e p o r t  were t h e n  performed t o  assist i n  

t h e  r edes ign  of t h e  OGO-D photometer .  These e f f o r t s  were 

l i m i t e d  s i n c e  d e c i s i o n s  had t o  be made and implemented i n  

a matter of a few months. 
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TESTS AT GRUMMAN AIRCRAFT CORPORATION, NOVEMBER 1965 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  e f fec ts  of e n e r g e t i c  

e l e c t r o n s  on t h e  O r b i t i n g  Astronomical  Observa tory  (OAO) 

s t a r  t r a c k e r ,  a Van de Graaf f  a c c e l e r a t o r  a t  t h e  Grumman 

Aircraf t  Corpora t ion  a t  Bethpage, New York w a s  used .  

S t u d i e s  by OAO P r o j e c t  pe r sonne l  had i n d i c a t e d  t h a t  t h e  

e f f e c t s  o f  t r a p p e d  r a d i a t i o n  of t h e  i n n e r  a r t i f i c i a l  b e l t  

c o u l d  be s i m u l a t e d  by a monoenerget ic  beam of e l e c t r o n s  a t  

2.6 MeV. Reference  1, d i s c u s s i n g  t h i s  e l e c t r o n  b e l t  i n  

connec t ion  w i t h  OGO I ,  launched S e p t  5 ,  1964,  g i v e s  a f l u x  f o r  t h e  

c e n t e r  o f  t h e  b e l t  of  10 

g r e a t e r  t h a n  0 . 5  MeV.  The energy spec t rum is such  t h a t  t h e  

number o f  e l e c t r o n s  w i t h  e n e r g i e s  g r e a t e r  t h a n  6 MeV is 

n c g l i g i b l e .  Because o f  c e r t a i n  s i m i l a r i t i e s  i n  o r b i t  and 

t echn ique  between t h e  OAO s t a r  t r a c k e r  and t h e  O W - I 1  a i r g l o w  

pho tomete r s ,  w e  were i n v i t e d  t o  tes t  d u p l i c a t e s  of  t h e  OW-I1 

photometers  i n  o r d e r  t o  see i f  t h e  e f f e c t s  observed  i n  o r b i t  

c o u l d  be reproduced  a t  t h i s  f a c i l i t y .  

8 e lec t rons /cm2 sec w i t h  e n e r g i e s  

For t h e s e  tests, t h e  "opt ical  models" of t h e  photo- 

meters were used .  These were s i m i l a r  t o  t h e  photometers  i n  

OW-I1 w i t h  minor d i f f e r e n c e s  i n  t h e  mechanica l  mechanisms, 

i n  t h e  d e s i g n  of t h e  d i g i t a l  c i r c u i t r y ,  and  i n  v a r i o u s  

v o l t a g e  s e t t i n g s .  Compromises made d u r i n g  t h e i r  c o n s t r u c t -  

i o n  and t e s t i n g  p rec luded  them from b e i n g  of  f l i g h t  q u a l i t y .  

Table  I g i v e s  a comparison of t h e  c h a r a c t e r i s t i c s  of t h e  
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Main Body o p t i c a l  model w i t h  t h a t  of t h e  OGO-I1 i n s t r u m e n t .  

The photometers  were p laced  i n  a c y l i n d r i c a l  vacuum 

t a n k  about  three feet  i n  d i ame te r .  The t a n k  w a s  pumped 

w i t h  mechanical  and o i l  d i f f u s i o n  pumps (no c o l d  t r a p )  and  

a l l  tests were conducted a t  p r e s s u r e s  between 1 x and 

1 x mm Hg. The photometer t o  be tested was mounted 

a t  one end of t h e  t ank  on a p l a t e  which  w a s  p e r p e n d i c u l a r  

t o  t h e  e l e c t r o n  beam, r e s u l t i n g  i n  an arrangement  a s  

i l l u s t r a t e d  i n  F i g u r e  7. The e l e c t r o n  beam i n  t h e  v i c i n i t y  

of  t h e  photometer had a diameter of t e n  i n c h e s  and a f l u x  

d e n s i t y ,  a s  measured w i t h  a Faraday cup ,  which cou ld  be  se t  

i n  t h e  range  between 6 x l o 5  and 1.8 x 10 

sec'l. 

f a c i l i t y  for t h e s e  envi ronmenta l  s t u d i e s  i s  described i n  

Reference 2 .  

8 e l e c t r o n s  cm'2 

The t echn ique  used  t o  adap t  t h e  Van de G r a a f f  
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\ ALUMINUM SHIELD 

Fig .  7 - Loca t ion  of t h e  e l e c t r o n  beam f r o m  t h e  Van de Graaff  
a c c e l e r a t o r  w i t h  r e s p e c t  t o  t h e  Main Body photometer  under t e s t ,  
The arrows i n d i c a t e  t h e  d i r e c t i o n  of  t h e  c o r r e s p o n d i n g  space-  
c r a f t  c o o r d i n a t e s .  
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The e f f e c t i v e n e s s  of aluminum kihielding 

L a r g e  p i e c e s  of aluminum shee t  of  v a r i o u s  t h i c k n e s s e s  

were p l aced  i n  t h e  p a t h  of t h e  e l e c t r o n  bea,m a s  i n d i c a , t e d  i n  

F i g u r e  7. The i n c r e a s e  of anode c u r r e n t  f r o m  t h e  photometer  

d i v i d e d  by t h e  g a i n  of  t h e  m u l t i p l i e r  is a r b i t r a r i l y  r ega rded  

a s  due e n t i r e l y  t o  p h o t o e l e c t r o n s ,  T h i s  p h o t o e l e c t r o n  c u r r e n t  

d i v i d e d  by t h e  f l u x  of t h e  beam is t aken  a s  a measure of  t h e  

r e sponse  of t h e  photometer  t o  e n e r g e t i c  p a r t i c l e s .  A s  might  

be expec ted ,  t h e  r e sponse  i s  a n  e x p o n e n t i a l  f u n c t i o n  of t h e  

t h i c k n e s s  of t h e  s h i e l d i n g ,  and is shown i n  F i g u r e  8. The 

d a t a  upon which t h i s  graph  is based i s  g i v e n  i n  Tab le  1 of 

t h e  Appendix . 
A t  t h i s  p o i n t  it w a s  i n t e r e s t i n g  t o  c r o s s  check  t h e  

Van de G r a a f f  a s  a s i m u l a t o r  of t h e  i n n e r  a r t i f i c i a l  b e l t .  

S ince  t h e  o p t i c a l  model had about 1/3 t h e  s e n s i t i v i t y  of t h e  

i n s t r u m e n t  i n  o r b i t ,  t h e  e q u i v a l e n t  ca thode  c u r r e n t  of t h e  

b e l t  might  be t a k e n  a s  1.1 x lo-’ amp. L e t t i n g  0.08 i n .  

aluminum s i m u l a t e  t h e  s p a c e c r a f t  s k i n  and u s i n g  Appendix 

Tab le  1 and F i g u r e  8, t h e  ba,ckground c u r r e n t  of  t h e  b e l t  is 
2 r eached  a t  5 x lo7 e lec t rons /cm sec,  monoenergetic a t  2.6 

MeV. 

c m  sec w i t h  e n e r g i e s  g r e a t e r  t h a n  0.5 MeV, c a l c u l a t e d  f o r  

T h i s  a i n  f a i r  agreement w i t h  t h e  f l u x  of  lo8 e l e c t r o n s /  
2 

OGO-I. If b e l t  decay is taken  i n t o  accoun t ,  t h e  a,greement is  

s u r p r i s i n g l y  good. 



4 
IO 

1 o2 

10 

1 oo 

-1  
10 

THICKNESS OF ALUMINUM (CM) 

Fig .  8 - E f f e c t  of aluminum s h i e l d i n g  upon t h e  r e sponse  of t h e  
Main Body photometer t o  2.6 Mev e l e c t r o n s .  
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The luminescence of t h e  b p t i c s  

I n  o r d e r  t o  de te rmine  whe the r  t h e  e x t r a n e o u s  back- 

ground c u r r e n t  was due t o  t h e  e f fec ts  of t h e  e l e c t r o n  beam 

on  t h e  p h o t o m u l t i p l i e r  or t o  a luminescence of  t h e  f i e l d  

l e n s ,  a n  aluminum d i s k ,  1/8 inch  t h i c k ,  was p l a c e d  a s  a 

l i g h t  s t o p ,  as  shown i n  F i g u r e  9. To minimize t h e  e f fec ts  

i n  t h e  p h o t o m u l t i p l i e r ,  a 1/4 i n c h  t h i c k  c y l i n d e r  of  l e a d  

w a s  p l a c e d  as shown. To r e p r e s e n t  t h e  s h i e l d i n g  p r o v i d e d  

by t h e  s p a c e c r a f t ,  a 1/16 i n c h  t h i c k  aluminum sheet w a s  

p l a c e d  i n  t h e  p a t h  of t h e  beam. Measurements made w i t h  and 

w i t h o u t  t h e  l i g h t  s t o p  (see Table  2 of  t h e  Appendix) 

i n d i c a t e d  t h a t  t h e  p h o t o c u r r e n t  due t o  luminescence of t h e  

l e n s  and its immediate v i c i n i t y  w a s  n e g l i g i b l e .  
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F i g .  9 - Placement of l i g h t  s t o p  and l e a d  s h i e l d i n g  so a s  to  
d e t e c t  luminescence of t h e  f i e l d  l e n s .  
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Response of t h e  phot omu 1 t i  p l  i e r  

The r e s u l t s  of t h e  preceding  t es t  i n d i c a t e d  t h a t  

s u p r a s i l  f i e l d  l e n s  w a s  n o t  a major s o u r c e  of  l i g h t  when 

under  p a r t i c l e  i r r a d i a t i o n .  The i n f l i g h t  c a l i b r a t i o n  c y c l e  

i n c l u d e d  a z e r o  l e v e l  wh ich  measured t h e  o u t p u t  o f  t h e  

e l e c t r o m e t e r  and a s s o c i a t e d  e l e c t r o n i c s  wi thou t  t h e  s i g n a l  

i n p u t  f r o m  t h e  p h o t o m u l t i p l i e r .  T h i s  z e r o  l e v e l  remained 

c o n s t a n t  under  a l l  c o n d i t i o n s ,  t h u s  e l i m i n a t i n g  t h e  

e l e c t r o n i c s  c i r c u i t r y  as a r a d i a t i o n  s e n s i t i v e  area, S i n c e  

each f i l t e r  is made w i t h  a d i f f e r e n t  t y p e  of  g l a s s ,  and i n  

one p o s i t i o n ,  t h e  " f i l t e r "  is a s o l i d  m e t a l  p l a t e ,  it would 

be expected t h a t  t h e  r e sponse  would be q u i t e  dependent  on 

mirror p o s i t i o n  i f  t h e  f i l ters  o r  t h e  o b j e c t i v e . l e n s  and 

window were impor t an t  s o u r c e s  of l i g h t ,  Data from OGO-I1 

i n d i c a t e d  t h a t  t h e  v a l u e  of t h e  e x t r a n e o u s  background 

c u r r e n t  was independent  o f  mirror p o s i t i o n .  Hence t h e  

s e n s i t i v e  component must be t h e  p h o t o m u l t i p l i e r .  

To i n d i c a t e  which  p a r t  o f  t h e  p h o t o m u l t i p l i e r  was 

m o s t  s e n s i t i v e ,  i . e . ,  t h e  dynodes o r  t h e  pho toca thode ,  t h e  

f o l l o w i n g  tes ts  were performed. 

As i n  t h e  p reced ing  t e s t ,  t h e  l i g h t  s t o p  remained i n  

p l a c e  i n  f r o n t  of t h e  p h o t o m u l t i p l i e r  and a 1/16 i n .  sheet 

of aluminum w a s  u sed  t o  s i m u l a t e  t h e  s h i e l d i n g  p rov ided  by 

t h e  s p a c e c r a f t .  A l e a d  sheet 1/4 i n c h  t h i c k  was p l a c e d  

around t h e  p h o t o m u l t i p l i e r  i n  t h e  v a r i o u s  p o s i t i o n s  i n d i c a t e d  
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i n  F igu re  10. The r e s u l t s  are as f o l l o w s  ( a l s o  see Table  3 

i n  t h e  Appendix) 

P o r t i o n  cove red  by lead Photoelectrons/electrons cmm2 

Cathode, dynodes #1 and #2 2.0 

Cathode, dynode #1  2.0 

Cathode 24 

Dynode #1 and #2 530 

From these tests, it is a p p a r e n t  t h a t  t h e  bu lk  of  t h e  

r e sponse  of the p h o t o m u l t i p l i e r  is due t o  t h e  photoca thode  and 

t h e  window upon which i t  is d e p o s i t e d .  I n  o u r  e x p e r i m e n t s ,  

no e f f o r t  w a s  made t o  f u r t h e r  i s o l a t e  t h e  c o n t r i b u t i o n  between 

window and ca thode .  I t  s h o u l d  be n o t i c e d  t h a t  f o r  t h e  more 

common soda l i m e  g l a s s  enve lopes  t h e  luminescence of t h e  g l a s s  

proved t o  be  t h e  major c o n t r i b u t e r  under  y and x- ray  e x c i t a t i o n  

( R e f .  3). 
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Fig. 10 - Placement of a lead shield over various parts of the 
photomultiplier. 
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Var ious  s h i e l d i n g  c o n f i g u r a t i o n s  
- 

The n e x t  problem was t o  deve lop  some i n s i g h t  a s  t o  what 

t y p e  of  s h i e l d i n g  was b o t h  e f f e c t i v e  and l i g h t  i n  weight .  I t  

w a s  n o t e d  from t h e  comparison of t h e  r e s u l t s  o f  t h e  e a r l i e r  t e s t  

u s i n g  aluminum and l e a d ,  t h e  aluminum and l e a d  were about  e q u a l  

i n  e f f e c t i v e n e s s  f o r  e q u a l  t h i c k n e s s e s  of  m a t e r i a l .  I t  was 

s u g g e s t e d  t h a t  a combinat ion of h i g h  and l o w  d e n s i t y  m a t e r i a l s  

would be more e f f e c t i v e  t h a n  e i t h e r  a l o n e .  With t h e  l i g h t  s t o p  

s t i l l  i n  p l a c e ,  t e s t s  of s h i e l d i n g  a s  i n d i c a t e d  i n  F i g u r e  11 were made: 

( D e t a i l e d  d a t a  is i n  Tab le  4 of t h e  Appendix). 
. .  

SHIELDING PHOTOCATHODE CURRENT 
BEAM FLUX 

--- 
A. .062" aluminum o v e r  whole beam 

.062" t u n g s t e n  o v e r  ca thode  and 
dynodes 1 and 2 220 

B. .062" aluminum o v e r  whole beam 
.125" t u n g s t e n  ove r  ca thode  and 

dynodes 1 and 2 220 

C. .062" aluminum o v e r  whole beam 
.125" aluminum o v e r  ca thode  and 

dynodes 1 and 2 
.096" t u n g s t e n  o v e r  ca thode  and 

dynodes 1 and 2 
D. .062" a luminum ove r  whole beam 

.125" aluminum from dynode 2 t o  

o p t i c s  cage  

dynodes 1 and 2 1.4 

The f irst  t h r e e  t e s t s  i n  t h i s  se r ies  show o n l y  a 

.096" t u n g s t e n  o v e r  ca thode  and 

s l i g h t  r e d u c t i o n  i n  r a d i a t i o n  induced  s i g n a l  below what would 

220 

have been expec ted  w i t h  a .062" aluminum s h i e l d  a lone .  

t h e  f o u r t h  t e s t ,  where a t h i c k  s h i e l d  ex tended  w e l l  i n  f r o n t  

But i n  

. .  



TUNGSTEN .062" I 
A 

B 

C 

D 

Fig .  11 - The 

TUNGSTEN .125" 

ALUM1 NUM .125 
TUNGSTEN .096" I 

ALUMINUM .125" 
TUNGSTEN .096" 

v a r i o u s  a r rangements  of s h i e l d i n g  t h a t  were t e s t e d .  



-26- 

of  t h e  ca thode ,  p r o t e c t i n g  a g a i n s t  s c a t t e r e d  e lec t rons ,  t h e r e  is 

a pronounced r e d u c t i o n  i n  t h e  r a d i a t i o n  induced  s i g n a l .  

I n  a d d i t i o n  t o  t h e s e  t e s t s  a t  Grumman t h e  GSFC Van de Graaf f  

was u s e d  t o  measure t h e  e f f e c t i v e n e s s  of a q u a r t z  p l a t e  i n  f r o n t  

of t h e  p h o t o m u l t i p l i e r  window. T h i s  t e s t  is d i s c u s s e d  a t  t h e  

end of t h e  s e c t i o n  on window m a t e r i a l s .  

Response of t h e  OPEP photometer  

The Main Body photometer  wa,s removed from t h e  t a n k ,  and 

t e s t s  were made w i t h  t h e  OPEP photometer.  I n  o rder  t o  f i n d  i n  

which d i r e c t i o n  t h e  photometer  was most s e n s i t i v e  t o  e n e r g e t i c  

e l e c t r o n s ,  e a c h  of f i v e  s i d e s  of t h e  photometer  were i r r a d i a t e d  

and t h e  response  measured. To s i m u l a t e  t h e  OPEP c o n t a i n e r ,  

a s h e e t  of aluminum, 0.32" t h i c k ,  was p l aced  i n  t h e  p a t h  of t h e  

beam, e x c e p t ,  of  c o u r s e ,  on t h e  s i d e  w i t h  t h e  l a r g e  open window. 

The r e s u l t s  a r e  i n d i c a t e d  i n  F igu re  12 where t h e  l e n g t h  of t h e  

axes  r e p r e s e n t s  t h e  s e n s i t i v i t y  t o  e n e r g e t i c  e l e c t r o n s  i n  t h a t  

d i r e c t i o n .  ( A l s o  see Tab le  5 of t h e  Appendix.) Because t h e  

OPEP mounting p l a t e  is 0.5 i n c h e s  t h i c k ,  it is e s t i m a t e d  t h a t  

t h e  s e n s i t i v i t y  i n  t h a t  d i r e c t i o n  ( -Z) is s m a l l ,  a s  i n d i c a t e d .  

The r e s u l t  of t h i s  t e s t  is c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n s  

i n  o r b i t ,  namely, t h a t  t h e  r e sponse  of  t h e  OPEP photometer  t o  t h e  

t r a p p e d  r a d i a t i o n  is about  f o u r  t o  f i v e  o r d e r s  of magnitude less 

t h a n  f o r  t h e  Main Body photometer .  

I t  was d e s i r e d  t o  measure t h e  s e n s i t i v i t y  t o  e n e r g e t i c  

e l e c t r o n s  of p h o t o m u l t i p l i e r s  w i t h  AgMg i n s t e a d  of  CuBe dynodes. 

To  do t h i s ,  p h o t o m u l t i p l i e r s  of  t h e  t w o  t y p e s  of  c o n s t r u c t i o n  
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were i n s t a l l e d  i n  t h e  OPEP photometer ,  and t h e  s e n s i t i v i t y  

m e a s u r e d  w i t h  t h e  open door  (+X a x i s )  f a c i n g  t h e  beam. Two of 

t h e  t u b e s  were of t h e  s a m e  t y p e  w i t h  CuBe dynodes and a tri- 

a l k a l i  cathode. The t h i r d  had AgMg dynodes and a CsSb ca thode .  

A 1 1  t h r e e  t u b e s  had 14 s t a g e s  and were o p e r a t e d  w i t h  t h e  h i g h  

v o l t a g e  power supp ly  s e t  a t  1800v. 

"Photocathode c u r r e n t " ,  g iven  i n  T a b l e  6 i n  t h e  Appendix, 

was o b t a i n e d  by  d i v i d i n g  t h e  measured anode c u r r e n t  by t h e  g a i n  

of t h e  m u l t i p l i e r  a s  measured by t h e  manufac tu re r  p r i o r  t o  p o t t i n g  

t h e  p h o t o m u l t i p l i e r  i n  i ts  f i b e r g l a s s  s l e e v e .  The CuBe t u b e s  

w e r e  about t w o  y e a r s  o l d ,  t h e  AgMg t u b e ,  t h r e e  y e a r s .  The 

a p p a r e n t  r e s u l t ,  t h a t  AgMg dynodes a r e  2 t o  4 t i m e s  m o r e  s e n s i t i v e  

t o  e n e r g e t i c  e l e c t r o n s  t h a n  a r e  CuBe dynodes,  is n o t  c o n c l u s i v e  

because  p a r t  of t h e  d i f f e r e n c e  may be due t o  changes  i n  g a i n  w i t h  

age and p a r t  due t o  t h e  d i f f e r e n c e  i n  ca thode  composi t ion .  
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TESTS OF VARIOUS PHOTOTUBE WINDOW MATERIALS 

As a r e s u l t  of t h e  tes ts  a t  Grumman A i r c r a f t  Corpora t ion ,  
i t  appea,red t h a t  much of t h e  ex t r aneous  c u r r e n t  w a s  due 

t o  t h e  i n t e r a c t i o n  o f  the  e n e r g e t i c  p a r t i c l e s  w i t h  t h e  

window m a , t e r i a l  and t h e  photoca thode . ,  A s  t he  e n e r g e t i c  

p a r t i c l e s  p a s s  through t h e  window, p a r t  o f  t h e i r  energy 

loss  a p p e a r s  a s  Cerenkov r a d i a t i o n  and b rems t rah lung ;  a n o t h e r  

p a r t  of t h e i r  energy  lo s s  is  b y  i o n i z a t i o n  a,nd e x c i t a t i o n  

c o l l i s i o n s ,  w i t h  some of t h i s  energy a p p e a r i n g  as  f l u o r e s c e n c e  

and phosphorescence.  Secondary e l e c t r o n s  and x- rays  

o r i g i n a t i n g  i n  nea,rby p a r t s  of t h e  s p a c e c r a f t  would have 

s i m i l a r  e f f e c t s .  

While i t  would have been i n t e r e s t i n g  t o  ha,ve made a 

thorough s t u d y  o f  t h e  i n t e n s i t y ,  s p e c t r a ,  and decay o f  

t h e  luminescence of v a r i o u s  window m a t e r i a l s  i r r a d i a t e d  

by a wide  spec t rum of e l e c t r o n  e n e r g i e s ,  r e s o u r c e s  were 

n o t  a v a i l a b l e  t o  do t h i s .  Hence, some e a r l y  exper iments  

i n v o l v i n g  e n e r g e t i c  e l e c t r o n s  were reviewed and some 

a d d i t i o n a l  t e s t s  were made w i t h  t h e  GSFC Van de Graaff 

a c c e l e r a t o r .  The p e r t i n e n t  r e s u l t s  a r e  summarized i n  the 

f o l l o w i n g  s e c t i o n .  

E x c i t a t i o n  by e l e c t r o n  microscope _ _ _  __ __ 

Observa t ions  of  e l e c t r o n  e x c i t e d  luminescence i n  

q u a r t z  and s a p p h i r e  have been made a t  GSFC by A. G. Eubanks 

and T. D. Sc i acca  of t h e  M a t e r i a l s  Research and Development 

Branch. An e l e c t r o n  microscope was used t o  p rov ide  a beam 

w i t h  a f l u x  of  lo8 e l e c t r o n s  sec a t  50 KeV.  A s  i n  
-1 
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F i g u r e  13, ( a l s o  Reference  4 1 ,  t h e  sample was mounted a t  

45 degrees  t o  t h e  i n c i d e n t  beam and t h e  r e s u l t i n g  luminescence 

w a s  viewed by a p h o t o m u l t i p l i e r  t u b e  a t  r i g h t  a n g l e s  t o  

t h e  e l e c t r o n  beam. The p h o t o m u l t i p l i e r  viewed t h e  sample 

th rough  a q u a r t z  window i n  t h e  microscope  housing.  R e s u l t s  

w e r e  a s  f o l l o w s  i n  terms of r e l a t i v e  i n t e n s i t y :  

M a t e r i a l  R e l a t i v e  Luminescence 

Corning 7940, uv g rade  
Sapph i re  
Supras  i 1 

1 , O  

2 . 1  
1.1 

D e t a i l e d  s p e c t r a l  measurements were n o t  made. The 

p h o t o m u l t i p l i e r ,  an EM1 6526B, w i t h  a s e m i - t r m s p a r e n t  

CsSb ca thode  and a f u s e d  s i l i c a  window, and t h e  q u a r t z  

window i n  t h e  microscope hous ing  r e s t r i c t e d  t h e  o b s e r v a t i o n s  

t o  t h e  wavelengths  l o n g e r  t h a n  1800A. T e s t s  w i t h  s e v e r a l  

long-pass  f i l t e r s  showed t h a t  a l l  of t h e  l i g h t  was a t  

wavelengths  s h o r t e r  t h a n  4100A. 

When t h e  measurement of  a b s o l u t e  i n t e n s i t y  was made, 

t h e  q u a r t z  window was no l o n g e r  a v a i l a b l e ,  and t h e  samples  

had t o  be observed  th rough  a lead-doped g l a s s  window. The 

a b s o l u t e  b r i g h t n e s s  f o r  t h e  luminescence  of s a p p h i r e  

between 3500 and 4100A was a-bout 10 w a t t s  c m  s t e r a d i a n  . 
T e s t s  w i th  s e v e r a l  shor t -wavelength  c u t - o f f  f i l t e r s  showed 

-11 -2 -1 

about  60% of t h i s  energy  was a t  wavelengths  s h o r t e r  t h a n  

3800A. 

E x c i t a t i o n  b y  r a d i o a c t i v e  b e t a  s o u r c e  

A comparison between luminescence of  s a p p h i r e  and 
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s u p r a s i l  can be  made from an  u l t r a v i o l e t  s o u r c e  w e d  a t  

t h i s  l a b o r a t o r y  a s  a n  a i d  i n  l o w  b r i g h t n e s s  c a l i b r a t i o n s  

( s e e  F igu re  14 ) .  The e x c i t a t i o n  is a r a d i o a c t i v e  1 

m i l l i c u r i e  s t ron t ium-90  b e t a  s o u r c e .  Maximum SrgO b e t a  

energy  is  545 KeV; Ygo b e t a  ene rgy  is 2.26 MeV; Y s t r e n g t h  

2 2 is 1.74 MeV w i t h  a f l u x  o f  6 x 10 Y/cm . 
When t h e  f r o n t  f a c e  of  t h e  s o u r c e ,  1/4 i n c h  s q u a r e ,  

is placed  behind  and a g a i n s t  s u p r a s i l  or s a p p h i r e ,  our 

photometer measured t h e  r a d i a n c e s  a s  g iven  below. Each 

wa.velength r e g i o n  was measured w i t h  an i n t e r f e r e n c e  

f i l t e r ,  w i t h  t h e  center  wavelength and bandpass  i n d i c a t e d .  

B r i g h t n e s s  is i n  w a t t s  cm-2 s t e r a d i a n - '  p e r  1 0 0 A .  

Sapph i re  
I 

Bandpass S u p r a s i l  Wavelength - 

2600A 198A 2.4 x 1.6 x 
3914A 43A .90 x 10- l2  -17 x 10 

5577A 5 0 A  .26 x .018 x 10 

5890A 50A .28 x .0066 x 10 

6225A 5 1 A  neg. - 2 8  x 

-11 

-11 
-11 

6300A 5 0 A  neg. .37 x 10-l1 

With an i n t e r f e r e n c e  f i l t e r  removed, t h e  t o t a l  r a d i a n c e  

between 1800A and 6300A cou ld  be de te rmined  approx ima te ly ,  

assuming c o n s t a n t  s p e c t r a l  r e s p o n s i v i t y  f o r  t h e  

p h o t o m u l t i p l i e r .  The v a l u e s  t h u s  o b t a i n e d  a r e  6.70 x 10- 

w a t t s  cm-2  s t e r a d i a n - '  f o r  s u p r a s i l  and 3.8 x 10' lo w a t t s  

11 

-1 s t e r a d i a n  f o r  s a p p h i r e .  The maximum b r i g h t n e s s  

is a p p a r e n t l y  a t  wavelengths  s h o r t e r  t h a n  2600A, a s  would 

be expec ted  from t h e o r y  (Ref.  5 ) .  
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E x c i t a t i o n  w i t h  Van de Graaff a c c e l e r a t o r  - ~ 

To f u r t h e r  i n v e s t i g a t e  t h e  luminescence of v a r i o u s  window 

m a t e r i a l s ,  a r rangements  were made t o  u s e  a Van de  Graaff a c c e l e r a t o r  

a t  GSFC. The a c c e l e r a t o r  w a s  se t  t o  produce a beam o f  e l e c t r o n s  

of  1 , 2 5  MeV ene rgy ,  t h e  maximum p o s s i b l e .  The beam w a s  d i r e c t e d  

on t h e  samples l o c a t e d  i n  a vacuum t a n k .  A comparison of  t h e  

r e l a t i v e  b r i g h t n e s s  i n  t h e  s p e c t r a l  r e g i o n  between 1600 and 

6300A w a s  made w i t h  an EMR t y p e  541E-05M p h o t o m u l t i p l i e r ,  a l q o  

p l a c e d  w i t h i n  t h e  vacuum t a n k .  
2 The t e s t  s amples ,  w i t h  a m e t a l  mask of 1 c m  open ing ,  were 

p l a c e d  one a t  a t i m e  i n  t h e  vacuum t a n k . .  (See F i g u r e  15) 

Lead b r i c k s  were p l a c e d  between t h e  p h o t o m u l t i p l i e r  and t h e  

a c c e l e r a t o r  t o  reduce  t h e  background which a p p a r e n t l y  was due 

t o  s t r a y  x - r ays .  Three  d i f f e r e n t  samples  of  s a p p h i r e  and f i v e  

o f  q u a r t z  were t e s t e d ,  w i t h  t h e  g e n e r a l  c o n c l u s i o n  t h a t  q u a r t z  

e m i t s  about  0 .7  as  much l i g h t  a s  does  s a p p h i r e .  For d e t a i l e d  

d a t a ,  see Table  7 o f  t h e  Appendix. 

When t h e  a c c e l e r a t o r  beam was t u r n e d  o f f ,  t h e  s i g n a l  decayed 

a t  a r a t e ,  which between 20 and 250 seconds  can  be d e s c r i b e d  

by a c u r v e  of t h e  f o r m ,  

a p p a r e n t  i n t e n s i t y ,  t is t h e  t i m e ,  and a and b are c o n s t a n t s .  

The d a t a  p r e s e n t e d  i n  F i g u r e  16 a r e  t y p i c a l .  S i n c e  t h i s  

is a p p r e c i a b l y  above t h e  background obse rved  when t h e r e i s  no 

sample i n  t h e  h o l d e r ,  i t  canno t  be  a c h a r a c t e r i s t i c  of t h e  

su r round ings .  A l l  samples  were washed i n  e t h y l  a l c o h o l  p r i o r  

t o  placement i n  t h e  vacuum chamber;  p r e s s u r e s  w e r e  t y p i c a l l y  

i n  t h e  r e g i o n  of 

= a t  + b, where I is t h e  obse rved  I-Oe 5 

Hg. I t  is p o s s i b l e  t h a t  s o m e  P o r t i o n  
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1000 

F i g  16 - The r a t e  of decay of luminescence f o r  v a r i o u s  m a t e r i a l s  
a f t e r  t u r n i n g  o f f  t h e  e l e c t r o n  beam of t h e  Van de Graaff  a c c e l e r a t o r .  
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of t h e  o b s e r v e d  luminescence o r i g i n a t e d  i n  s u r f a c e  f i l m s .  

PERFORMANCE O F  OTHER PHOTOMULTIPLIERS ON O W  SPACECRAFT 

S e v e r a l  o t h e r  p h o t o m u l t i p l i e r s  have f lown i n  s p a c e c r a f t  

f o r  v a r i o u s  r e a s o n s .  Wolff ( R e f .  1) r e p o r t s  on an  i m a g e  d i s s e c t o r  

on  O W - I  w i t h  a tri- a l k a l i  (S-20) ca thode  d e p o s i t e d  on  a t h i n  

cu rved  window of  Corning  9741 uv t r a n s m i t t i n g  g l a s s ,  With a 

minimum s h i e l d i n g  of  1.2 gms /cm2  he no ted  a maximum of  1 , 3  x 10 

counts/sec-cm2 when p a s s i n g  through t h e  r a d i a t i o n  b e l t , ,  

is  comparable  t o  t h e  r e sponse  of o u r  OPEP photometer .  

5 

T h i s  

A l s o  on  O W - I 1  were t w o  EMR p h o t o m u l t i p l i e r s  i n  t h e  W 

a i r g l o w  s p e c t r o m e t e r  of  B a r t h  (Ref, 6). These p h o t o m u l t i p l i e r s  

w e r e  v e r y  s i m i l a r  i n  c o n s t r u c t i o n  t o  t h a t  i n  o u r  Main Body 

photometer  e x c e p t  f o r  window and ca thode ,  One had a C s I  

c a t h o d e  on a 3/8 i n ,  d i ame te r  LiF window; t h e  o t h e r  had a CsTe 

c a t h o d e  nn a 1 i n .  d i ame te r  s a p p h i r e  window. The t u b e  w i t h  t h e  

s a p p h i r e  window w a s  about  220 t i m e s  a s  s e n s i t i v e  t o  t h e  r a d i a t i o n  

b e l t s  as  was t h e  o t h e r  t ube .  The s p e c t r a l  r e s p o n s e s  of t h e s e  

c a t h o d e s  and t r a n s m i s s i o n  cu rves  o f  t h e  windows a r e  i n c l u d e d  

i n  R e f .  7. 
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DES IGN CONS I DERAT IONS RELATING TO ENERGET I C  PART ICLES 

The o b s e r v a t i o n s  r e p o r t e d  h e r e  and e l sewhere  i n  t h e  l i t e r a t u r e  

(Ref . ,  s> lead t o  t h e  r e c o g n i t i o n  o f  t h e  dange r s  of e n e r g e t i c  

p a r t i c l e s  a s  a cause  of l o s s  o f  t r a n s m i s s i o n  and of luminescence 

i n  o p t i c a l  sys tems f o r  s p a c e  use.  Both Hennes and Dunkelman 

( R e f .  9) and Wolff ( R e f .  1 )  l ist  many r e f e r e n c e s  d i s c u s s i n g  

t h e s e  e f f e c t s .  

~ 

~ 

I 

I The t r a n s m i s s i o n  is e s p e c i a l l y  i m p o r t a n t  i n  t h e  o p t i c a l  

e l emen t s  d i r e c t l y  exposed t o  t h e  r a d i a t i o n .  Many, i f  n o t  m o s t ,  

m a t e r i a l s  deve lop  a b s o r p t i o n  bands under exposure  t o  r a d i a t i o n ,  

w i t h  c e r t a i n  g l a s s e s  b e i n g  f a r  more s e n s i t i v e  t h a n  q u a r t z  o r  

s a p p h i r e .  Haynes and Mi l le r  (Ref,lO) and Heath and Sacher  (Ref. 

11) i n v e s t i g a t e d  t h e  da rken ing  of  o p t i c a l  window m a t e r i a l s  of 

p a r t i c u l a r  i n t e r e s t  t o  t h e  i n s t r u m e n t  d e s i g n e r  and under  t y p i c a l  

i r r a d i a t i o n  f o r  prolonged exposure  t o  t h e  r a d i a t i o n  be l t s .  

I 

~ 

I 

I 

Secondly,  a l l  m a t e r i a l s  w i l l  luminesce under  i r r a d i a t i o n .  

S i n c e  t h e  f l u x  and s p e c t r a  of t h e  secondary  e l e c t r o n s  and x- rays  

a t  a s p e c i f i c  p o i n t  w i t h i n  t h e  s p a c e c r a f t  is d i f f i c u l t  t o  p r e d i c t ,  

i t  is h a r d  even t o  de te rmine  what t e s t s  s h o u l d  be made t o  check 

t h e  r e l a t i v e  luminescence of v a r i o u s  m a t e r i a l s .  E s p e c i a l l y  i n  

t h e  u l t r a v i o l e t ,  Cerenkov r a d i a t i o n  is i m p o r t a n t ,  and makes 

I 

, s a p p h i r e  wi th  its r e l a t i v e l y  h i g h  index  of  r e f r a c t i o n  u n d e s i r e a b l e .  
~ 

J e l l e y  (Ref,  5) is a p r a c t i c a > l  summary o f  t h e  c h a r a c t e r i s t i c s  

and u s e s  o f  t h i s  phenomenon. M i r r o r  s u r f a c e s  p r e s e n t  a n o t h e r  

s e t  of problems, a l though  aluminum o v e r c o a t e d  w i t h  MgF2 

appea r s  t o  be s a t i s f a c t o r y  f o r  many purposes  (Ref. 1 2 ) .  
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C a r e f u l  a t t e n t i o n  must be g iven  t o  t h e  window of  t h e  

p h o t o m u l t i p l i e r .  When one c o n s i d e r s  t h e  p r o p o r t i o n  o f  

photons  which o r i g i n a t e  i n  t h e  w i n d o w  and enve lope  and p a s s  

t h r o u g h  t h e  photoca thode ,  t h e  arrangement i n  t h e  EMR s i d e  

window v e r s i o n  is  more d e s i r e a b l e  t h a n  t h a t  of  a s e m i - t r a n s p a r e n t  

c a t h o d e  on an  end  window. When one c o n s i d e r s  Cerenkov 

r a d i a t i o n ,  a l o w  index  of  r e f r a c t i o n  and a s  h i g h  a v a l u e  f o r  

t h e  s h o r t  wavelength  c u t - o f f  a s  t h e  a p p l i c a t i o n  p e r m i t s  a r e  

d e s i r e a b l e .  However, t h e  d i f f i c u l t y  i n  making a compact s e a l  

between q u a r t z  and t h e  envelope  of t h e  p h o t o m u l t i p l i e r  c a n  

make it n e c e s s a r y  t o  use s a p p h i r e .  With end window t u b e s ,  

a s m a l l  e f f e c t i v e  ca thode  is  d e s i r e a b l e ,  a s  is i n h e r e n t  i n  

m o s t  a p p l i c a t i o n s  o f  image d i s s e c t o r s .  I n  any c a s e ,  adequate  

s h i e l d i n g  of  t h e  p h o t o m u l t i p l i e r  window and ca thode  is 

impor t  a n t  
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MODIFICATIONS TO THE M A I N  BODY PHOTOMETER 

I n  t h e  Main Body photometer ,  t h e  p r i n c i p a l  problem w a s  t h e  

e f f e c t s  of e n e r g e t i c  p a r t i c l e s  on t h e  p h o t o m u l t i p l i e r .  While 

it would be d e s i r e a b l e  t o  r e p l a c e  t h e  s a p p h i r e  window w i t h  a 

q u a r t z  window (which would a l s o  have adequa te  t r a n s m i s s i o n  a t  

2500A, t h e  s h o r t e s t  wavelength  of  i n t e r e s t ) ,  i t  was n o t  p o s s i b l e  

t o  r e a d i l y  o b t a i n  s u c h  a p h o t o m u l t i p l i e r  t h a t  would f i t  i n  t h e  

s p a c e  a v a i l a b l e .  

The nex t  b e s t  approach  is t o  s h i e l d  t h e  e x i s t i n g  window 

adequa te ly .  To s h i e l d  a l o n g  t h e  o p t i c a l  a x i s ,  a p i e c e  of d y n a s i l ,  

.084" t h i c k  was used. To check t h e  e f f e c t  o f  t h i s ,  s u c h  a 

p i e c e  w a s  p l a c e d  .08" i n  f r o n t  of  t h e  p h o t o m u l t i p l i e r ,  and 

t h e  assembly p l aced  i n  t h e  vacuum t a n k  s o  t h a t  i t  f a c e d  t h e  1.25 

MeV e l e c t r o n  beam from t h e  Van de G r a a f f  a c c e l e r a t o r o  With no 

e l e c t r o n  beam, t h e  d a r k  c u r r e n t  i n  t e r m s  of  photoca thode  c u r r e n t  

w a s  3 x 10 -I5 amp; w i t h  a beam f l u x  of  6 x lo6 e l e c t r o n s  cm-2 

sec t h e  photoca thode  c u r r e n t  w a s  2.7 x 10 

t h e  d y n a s i l  s h i e l d ,  4 . 8  x 10- 

amp; and w i t h o u t  -1 - 13 

amp. 

To s h i e l d  a t  r i g h t  a n g l e s  t o  t h e  o p t i c a l  a x i s ,  t h e  h o u s i n g  

11 

f o r  t h e  p h o t o m u l t i p l i e r  was r e d e s i g n e d  a s  shown i n  F igu res17  

and 18. I n  a d d i t i o n  t o  t h e  d y n a s i l  s h i e l d  i n  f r o n t  of t h e  

p h o t o m u l t i p l i e r ,  t u n g s t e n ,  .040" t h i c k ,  and aluminum, -234" 

t h i c k ,  were p l a c e d  around t h e  photoca thode  and window. 

The photometer  was t a k e n  t o  t h e  Van de Graaff f a c i l i t y  a t  

t h e  Grumman A i r c r a f t  C o r p o r a t i o n ,  and t e s t e d  under  c o n d i t i o n s  

s i m i l a r  t o  t h e  f i rs t  s e r i e s  of t e s t s  a t  t h i s  f a c i l i t y ,  i n  a 

vacuum tank  w i t h  a beam of  2.6 MeV e l e c t r o n s .  A second set  of 
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t e s t s  were a l s o  made w i t h  t h e  same photometer ,  b u t  w i t h  t h e  

o l d  housing., The s p a c e c r a f t  was s i m u l a t e d  w i t h  s h e e t s  of  aluminum 

o f  v a r i o u s  t h i c k n e s s e s ,  From these d a t a ,  i t  a,ppears (Table 8 

of the  Appendix) t h a t  t h e  new hous ing  reduced  t h e  s e n s i t i v i t y  

of the photometer  t o  these e l e c t r o n s  by a f a c t o r  of a t  l e a s t  

100. 
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Beam Flux 
(electrons 
cm-2sec-1) 

6 x l o 6  
3 lo7 

6 x lo7 

102 x 10 
8 

TABLE 2 

LUMINESCENCE OF THE OPTICS 

Photocathode c u r r e n t  (amperes) 

Without Light  S top  With L igh t  S top  

-13 -13 608 x 10 6,l x 10 
-12 2.7 x 10 -12 3.4 X 10 

-12 -12 

-11 -11 

608 x 10 6.8 x 10 

1,4 x 10 1.4 X 10 

Tab le  2 - F u r t h e r  d a t a  from t h e  t e s t s  i n  which 2.6 Mev 
e l e c t r o n s  i r r a d i a t e d  t h e  Main Body Photometer.  
s t o p  was p l aced  between t h e  photocathode and t h e  n e a r e s t  
o p t i c a l  e lement  of t h e  photometer. 

A l i g h t  
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